Hodgkin's lymphoma, a cancer characterized by chronic immune dysfunction and inflammation.
NSAIDs appear to act primarily by inhibiting cyclooxygenase 1 and 2, two isoforms of the enzyme prostaglandin endoperoxide synthase, and thus reducing prostaglandin synthesis (1, 2, 20) . NSAIDs bind to the cyclooxygenase active site, disabling the enzyme (21, 22) . As potent mediators of inflammation and potential cofactors in carcinogenesis, prostaglandins stimulate tumor growth and dramatically increase DNA and RNA synthesis in cancer cells (23) (24) (25) (26) . Elevated prostaglandin levels are detected in various tumors, including Hodgkin's lymphoma (1, (27) (28) (29) . Cyclooxygenase expression is also increased in the neoplastic Hodgkin's and Reed-Sternberg cells and some reactive cells in lymph nodes from Hodgkin's lymphoma patients (30) .
Certain NSAIDs may also act through other cyclooxygenaseindependent pathways (31) (32) (33) (34) (35) (36) (37) (38) . In particular, aspirin and its metabolite sodium salicylate inhibit the transcription factor nuclear factor B (NF-B), which regulates the expression of multiple cellular and viral genes (39, 40) . Most of the genes activated by NF-B are involved in immune and inflammatory responses, including cytokines and cell adhesion molecules, or regulate cell growth and apoptosis (39 -44) . Activated NF-B has been detected almost universally in both primary Hodgkin's and Reed-Sternberg cells and cell lines, and inhibition of active NF-B decreases proliferation and causes spontaneous apoptosis of Hodgkin's and Reed-Sternberg cells (45) (46) (47) . Thus, NF-B appears to have a vital role in Hodgkin's and Reed-Sternberg cell survival and apoptosis resistance.
An etiologic link between the Epstein-Barr virus (EBV) and Hodgkin's lymphoma pathogenesis is supported by strong epidemiologic and molecular biologic evidence, including detection of monoclonal viral DNA and gene products in the Hodgkin's and Reed-Sternberg cells in 25%-50% of patients with Hodgkin's lymphoma (48 -50) . EBV is a ubiquitous herpesvirus that infects more than 90% of the adult population worldwide, most often during childhood when it typically causes no serious clinical disease (51) ; however, EBV is also associated with various serious diseases and malignancies, including Hodgkin's lymphoma (49, 52) .
Although EBV activates and exploits the NF-B pathway to replicate and to evade the human immune system (47, 53) , the constitutive expression of active NF-B in Hodgkin's and ReedSternberg cells is independent of EBV status (45,54 -56) . Given the important role of NF-B in Hodgkin's lymphoma, aspirin may have a unique protective effect against the development of Hodgkin's lymphoma. Consequently, we conducted a population-based casecontrol study to investigate whether the risk of Hodgkin's lymphoma was associated with the reported use of analgesics.
PATIENTS AND METHODS

Study Population
We initiated a population-based case-control study in 1997 designed to investigate the viral etiology of Hodgkin's lymphoma in the greater Boston, Massachusetts, metropolitan area and in the state of Connecticut. Eligible case patients were individuals between ages 15 and 79 years at diagnosis who were living in the described geographic area and were without evidence of human immunodeficiency virus infection. Between August 1, 1997, and December 31, 2000, 743 eligible case patients with Hodgkin's lymphoma were diagnosed within the study base and identified by participating hospitals and cancer registries. Permission for contacting these patients was sought from the treating physician and was granted for 685 (92%) of 743 patients. After physician consent, each patient was sent an initial explanatory letter inviting him or her to participate in the study. Of the eligible patients who were contacted for an interview by study staff, 335 (84%) of 398 case patients in Massachusetts and 240 (86%) of 280 case patients in Connecticut participated. Ten patients were excluded by study pathologists as not having Hodgkin's lymphoma, leaving 565 case patients with Hodgkin's lymphoma.
A total of 679 population control subjects were selected, enrolled from the study base, and frequency matched to the distribution of the case patients by age (within a 5-year interval), sex, and state of residence. Control subjects were defined as residents living in the study area without a prior history of Hodgkin's lymphoma. From the Boston region, population control subjects were randomly identified from the current "Town Books" for the 132 cities and towns within the study area. The Town Books are annually compiled records including the name, sex, street address, and year of birth of all town or city residents aged 17 years or older. These records are more than 90% complete (57) . Within our study, 135 (93%) of a random subset of 145 case patients were listed in the Town Books. When a selected control subject refused to participate or could not be reached despite telephone and address searches for individuals who had moved from the addresses listed in the Town Books, the next eligible person listed was selected as a replacement control subject. As with the case patients, all control subjects were initially contacted via an introductory letter. Of the 835 Massachusetts residents who were selected as potential control subjects, 115 (14%) could not be contacted. Of the 720 who were contacted, 238 (33%) did not respond to multiple telephone calls; 31 (4%) did not respond to attempts at contact by mail; four cited a language barrier; two were incapacitated; and one was deceased. Seventy-seven residents (11%) refused to participate, and 367 (51%) consented. Among the enrolled control subjects from Massachusetts, 178 (49%) were initial selections from the Town Books, and the other 189 were replacements for refusing or noncontacted selections.
In Connecticut, where 98.9% of residents have home telephone service (58) , control subjects between ages 18 and 65 years were identified by random digit dialing (59) . All case patients from Connecticut aged 65 years or younger also had home telephone numbers. Control subjects between ages 66 and 79 years were randomly selected from files provided by the Health Care Financing Administration. All case patients from Connecticut between ages 66 and 79 years were also listed in the Health Care Financing Administration files. Only one control subject was recruited per household to avoid overlap of subject responses and clustering by social class. To prevent geographic clustering, the maximum number of households screened by random digit dialing within a block of 100 telephone numbers was limited to eight. Among 5632 phone numbers attempted by random digit dialing, 4747 were successfully screened; of these, 450 (9%) corresponded to eligible Connecticut residents of the targeted age range and sex. Twelve persons could not be reached by telephone. Of the remaining 438 individuals, 21 (5%) did not respond to multiple telephone calls, four (1%) were incapacitated, 128 (29%) refused, and 276 (63%) completed the survey.
Among the 65 contacted individuals of 69 eligible Health Care Financing Administration members, eight (12%) did not respond to telephone calls, two (3%) were incapacitated, 19 (29%) refused, and 36 (55%) consented.
All study participants or, if they were minors, their guardians gave written informed consent for enrollment in the study. This research protocol was approved by the institutional review boards of the Harvard School of Public Health, the Yale University School of Medicine, and the Johns Hopkins Medical School, as well as all participating hospitals, the Massachusetts Cancer Registry, and the Connecticut Tumor Registry located in the Connecticut Department of Public Health.
Data Collection
The introductory letter was followed by a telephone request to schedule a structured telephone interview. Next-of-kin interviews were performed for two case patients and two control subjects. For two case patients and 29 control subjects who could not be reached by telephone, an abbreviated questionnaire was mailed; in rare instances, the questionnaire was administered in person.
All participants were asked to report their average aspirin, ibuprofen and/or other non-aspirin NSAID, and acetaminophen use separately over the previous 5 years. Exposure was calculated in terms of the number of days per month, the number of tablets taken per day, and the medication strength. Reasons for use were not recorded. For statistical analyses, use of aspirin, other NSAIDs, and acetaminophen was expressed as the average number of tablets taken per week. This value was calculated by multiplying average monthly use by both average strength and average number of tablets per use and then dividing the product by 4.3 (the approximate number of weeks per month). If subjects reported variable use over time, a time-weighted mean was calculated to yield the average number of tablets taken per week over the previous 5 years. Baby-strength, extra-strength, and prescription-strength medications were considered to be multiples of regular-strength tablets. For example, extra-strength aspirin tablets (500 mg) were considered to be the equivalent of 1.54 regular-strength aspirin tablets (325 mg), and baby-strength aspirin tablets (80 mg) were considered to be the equivalent of 0.25 regular-strength aspirin tablets. If subjects reported a frequency of nonprescription medication use but were unsure of the tablet strength, regular strength was assumed.
Use of each medication was coded as a binary variable, with regular users defined as those taking two or more tablets per week and non-users defined as those taking fewer than two tablets per week. This coding scheme is in accordance with previous observational studies of NSAID use in human populations (7, 8) .
Case information, including stage of disease and presence of B symptoms at diagnosis, was abstracted from patients' medical records by study staff and medical personnel. Data on median household income in census tract and percentage of census tract below poverty level were obtained for each participant based on his or her residential street address (60) .
Histopathology
The study pathologists (M. Borowitz, R. B. Mann, and E. G. Weir) reviewed all available pathology material to verify the diagnosis of Hodgkin's lymphoma. Archived tissue blocks were retrieved and examined for 411 (71%) of 575 case patients. For those case patients without adequate, available, or consented diagnostic specimens, the original pathology reports were reviewed to determine whether a diagnosis of Hodgkin's lymphoma was probable, possible, unlikely, or unable to be confirmed. Pathology report-based diagnoses were made for 156 case patients (27%); pathology material was unavailable for eight case patients (1%).
Histopathologic classification of tumors was based on the 1994 Revised European-American Classification of Lymphoid Neoplasms (REAL Classification) and the 2001 World Health Organization (WHO) Classification of Hematopoietic and Lymphoid Tumors (61, 62) . These pathologic classification schemes distinguish among several subtypes that are considered broadly to be "classical" Hodgkin's lymphoma: nodular sclerosis, mixed cellularity, lymphocyte depletion, and lymphocyte-rich classic Hodgkin's lymphoma. Nodular lymphocyte predominance Hodgkin's lymphoma was considered to be a distinct entity and was grouped separately from the classical subtypes. Study pathologists also confirmed Hodgkin's lymphoma case patients who could not be further subclassified, including patients for whom there was an insufficient amount of diagnostic tissue for subtyping, as well as those in whom nodular sclerosis could not be differentiated from mixed cellularity due to early involvement of a lymph node in an interfollicular pattern.
The presence of EBV in Hodgkin's lymphoma tissue was determined by in situ hybridization for EBV-encoded RNA transcripts and/or by immunohistochemical assay for the viral latency membrane protein 1 in the malignant Hodgkin's and Reed-Sternberg cells (63, 64) . A Hodgkin's lymphoma tumor was considered to be positive for the EBV genome if results were positive for either assay; a tumor was considered to be negative for the EBV genome if both assays were negative or only a single assay was performed and its result was negative (65) . EBV assays were interpreted by consensus of all three study pathologists.
Statistical Methods
All exposures with more than two levels were analyzed first as categorical variables and then as ordinal variables. Likelihood ratio tests were performed to determine whether these exposures should be entered into statistical models as single ordinal terms. From the results of these tests, monotonic trends for association with the log odds of Hodgkin's lymphoma were observed for educational level (subject, maternal, and paternal), number of siblings, number of people in childhood home, number of regular childhood playmates, census tract median household income, and percentage of census tract population below poverty level. All of these exposures were coded as ordinal variables in statistical models.
Associations (odds ratios [ORs], 95% confidence intervals [CIs], and corresponding P values from two-sided chi-square tests) were estimated with multiple logistic regression to control for age, sex, and state of residence. Age was controlled for as a categorical variable with three levels (15-39 years, 40 -54 years, and 55-79 years) from previous findings that Hodgkin's lymphoma risk is associated nonlinearly with age, with incidence peaks in the younger and older groups. Potential confounders were considered from prior knowledge, as well as change-in-estimate criteria (66) and likelihood ratio tests comparing models with and without additional variables.
To detect possible effect modification, the data were stratified by additional factors to examine differences in associations across strata. The presence of effect modification was assessed with likelihood ratio and Wald tests for the statistical significance of interaction terms. Distributions of demographic characteristics and main exposures among case patients with pathologically unconfirmed disease were compared with those among case patients with confirmed disease. Among case patients from Massachusetts, distributions for those who were not listed in the Town Books were compared with distributions for those who were listed. After ensuring that there were no statistically significant differences between the compared groups, all eligible case patients were combined in the analyses. All statistical analyses were performed with SAS System software, release 8.01 (1999 -2000; SAS Institute, Cary, NC). All statistical tests were two-sided.
Sensitivity Analysis for Selection Bias
To evaluate the magnitude of bias from an overselection of control subjects with high socioeconomic status, we used the method of Kleinbaum et al. (67) to calculate the control subject selection odds ratio. The prevalences of high and low median household income in subjects' residential census tracts, as indicators of socioeconomic status, were compared between enrolled Massachusetts control subjects and all Massachusetts residents initially selected from the Town Books. After adjusting for the degree of misclassification between median household income and regular analgesic use, which was our main exposure of interest, we estimated the percent difference between the true and observed odds ratios for the associations between Hodgkin's lymphoma risk and regular compared with non-regular use of aspirin, other NSAIDs, and acetaminophen.
RESULTS
The initial study population consisted of 565 Hodgkin's lymphoma case patients and 679 control subjects frequencymatched to the case patients by age, sex, and state of residence. The distribution of demographic characteristics among case patients and control subjects is shown in Table 1 . Table 2 details the prevalence of regular aspirin, non-aspirin NSAID, and acetaminophen use among Hodgkin's lymphoma case patients and control subjects. Younger case patients and control subjects were statistically significantly less likely than older case patients and control subjects to use aspirin, and younger case patients were more likely than older case patients to use non-aspirin NSAIDs regularly. Neither case patients nor control subjects differed by age group in frequency of regular acetaminophen use. Male control subjects were more likely than female control subjects to use aspirin, whereas males in both the case patient and control subject groups were less likely than females in these groups to use other NSAIDs and acetaminophen. Use of particular analgesics also differed statistically significantly by state, race, religion, census tract median household income, smoking history, and use of other medications ( Table 2) . Because of the associations of age, sex, state of residence, smoking history, and use of other analgesics with analgesic use in the control population, the independent associations of these factors with Hodgkin's lymphoma risk, and the frequency matching in our study design, we controlled for these factors in all analyses.
Past studies (68, 69) have shown that risk factors for Hodgkin's lymphoma differ between younger and older populations; therefore, we initially analyzed data separately for subjects aged 15-54 years and those aged 55 years or older. However, the associations between Hodgkin's lymphoma risk and aspirin, other NSAID, and acetaminophen use did not differ by age group (P for heterogeneity by age ϭ .26, .50, and .64, respectively); consequently, subjects of all ages were combined for further analyses. The overall adjusted odds ratio for Median below poverty level, % 4.11 4.06 *U.S. Census data were based on participants' census tract of residence. Quartiles were based on the distribution of median household income and percent below poverty level among control subjects.
Hodgkin's lymphoma risk associated with regular versus nonregular aspirin use was statistically significantly decreased (OR ϭ 0.60, 95% CI ϭ 0.42 to 0.85) ( Table 3 ). This association was not substantially affected by adjustment for other potential confounders, including demographic characteristics and socioeconomic status.
Hodgkin's lymphoma risk was not statistically significantly associated with regular use of non-aspirin NSAIDs (OR ϭ 0.97, 95% CI ϭ 0.73 to 1.30), compared with nonregular use of non-aspirin NSAIDs. However, an elevated risk was statistically significantly associated with regular acetaminophen use (OR ϭ 1.72, 95% CI ϭ 1.29 to 2.31), compared with non-regular acetaminophen use. Again, adjustment for other potential confounders did not alter the associations between Hodgkin's lymphoma risk and use of non-aspirin NSAIDs or acetaminophen.
We assessed the possibility of a dose-response relationship by dividing individuals into three groups instead of two: those who never used analgesics (never users), those who used analgesics fewer than two times per week on average (occasional users), and those who used analgesics two or more times per week on average (regular users). Occasional aspirin use was associated with a statistically significantly decreased risk of Hodgkin's lymphoma (OR ϭ 0.71, 95% CI ϭ 0.51 to 0.99) compared with never use; regular aspirin use had an even lower risk (OR ϭ 0.58, 95% CI ϭ 0.41 to 0.83) †P value from two-sided likelihood ratio test for heterogeneity of odds ratio across subgroups of participants. ‡U.S. Census data were based on participants' census tract of residence. Quartiles were based on distribution of median household income among control subjects. §P value from two-sided Wald test for heterogeneity of odds ratio across subgroups of participants.
and regular use, compared with never use, was associated with a still higher risk (OR ϭ 2.17, 95% CI ϭ 1.58 to 2.98) (P trend Ͻ.001). For clarity and because the comparisons of regular use with never use, as opposed to non-regular use, did not differ appreciably, we performed remaining analyses with the dichotomous definition of regular analgesic use (two or more tablets per week versus fewer than two tablets per week).
To detect possible heterogeneity of the associations between analgesic use and the risk of Hodgkin's lymphoma, we performed stratified analyses among subject subgroups ( Table 3) . The inverse association between aspirin use and the risk of Hodgkin's lymphoma did not vary by any characteristic except income: the apparent decrease in risk associated with regular use, compared with non-regular use, was more marked among subjects living in middle-income census tracts than among those living in lower income and higher income areas (P for heterogeneity by census tract median household income ϭ .05). However, the association with aspirin was inverse for all but the lowest quartile of income.
The statistically nonsignificant association between regular use of other NSAIDs, compared with non-regular use of other NSAIDs, and Hodgkin's lymphoma risk was consistent across levels of all subgroups examined (data not shown). The association with regular acetaminophen use, compared with nonregular acetaminophen use, varied by state (P ϭ .04), with a statistically significantly positive association among Massachusetts but not among Connecticut residents. In addition, the association between acetaminophen use and Hodgkin's lymphoma risk varied by religion (P ϭ .05), with an inverse association among Jewish individuals and a positive association among those of other religions. The association between acetaminophen use and Hodgkin's lymphoma risk also varied by maternal educational level (P ϭ .05), with a decreasing association across increasing educational levels. This association also varied by use of non-aspirin NSAIDs (P ϭ .05), with a stronger positive association with regular use than with non-regular use of other NSAIDs.
A fully saturated statistical model, including all two-way interactions between main effects, did not fit the data better than the reduced model with only main effects (P ϭ .51). We therefore constructed a model, by use of stepwise selection, that included only statistically significant two-way interactions: acetaminophen use by state, religion, and maternal educational level. Additional interactions were statistically nonsignificant after including these three interactions. In this model, the associations between Hodgkin's lymphoma risk and regular versus nonregular aspirin use (OR ϭ 0.65, 95% CI ϭ 0.45 to 0.93) and regular versus non-regular use of other NSAIDs (OR ϭ 1.00, 95% CI ϭ 0.94 to 1.17) were not statistically significantly different from the estimates from the reduced model. Stratified odds ratios for acetaminophen use across state, religion, and maternal educational levels are provided in Table 3 .
To determine whether the relationships between regular analgesic use and Hodgkin's lymphoma differed by whether tumor cells contained the EBV genome (EBV genome status), we stratified case patients with Hodgkin's lymphoma by EBV genome status. Overall, 96 (24%) of 407 case patients with known EBV status were positive for the EBV genome (EBV-positive). Tumor EBV status did not modify the associations between Hodgkin's lymphoma risk and regular versus non-regular use of aspirin (P ϭ .31), of non-aspirin NSAIDs (P ϭ .11), or of acetaminophen (P ϭ .68). The homogeneity of odds ratios between EBV-positive and EBV-negative case patients, compared with control subjects, suggests that the associations between analgesic use and Hodgkin's lymphoma risk were independent of EBV genome status in the tumor.
To address the concern that analgesic use may have been affected by Hodgkin's lymphoma diagnosis or the onset of symptoms, we stratified case patients by presence of B symptoms (fever, night sweats, and weight loss) and by time from diagnosis to interview. Among asymptomatic patients, the inverse association between Hodgkin's lymphoma risk and regular versus non-regular aspirin use (OR ϭ 0.54, 95% CI ϭ 0.33 to 0.87), the lack of association with regular versus non-regular non-aspirin NSAID use (OR ϭ 0.87, 95% CI ϭ 0.60 to 1.28), and the positive association with regular versus non-regular acetaminophen use (OR ϭ 1.69, 95% CI ϭ 1.16 to 2.46) did not differ from the associations among patients who exhibited B symptoms (P ϭ .68 for aspirin, P ϭ .37 for other NSAIDs, P ϭ .65 for acetaminophen). Likewise, there was also no difference in the prevalence of rheumatoid arthritis, a condition for which aspirin and other NSAIDs are often prescribed, between case patients (7%) and control subjects (6%).
The median time between Hodgkin's lymphoma diagnosis and interview was 7.2 months, with a range of 2.6 -44.6 months. There was no difference in the associations between Hodgkin's lymphoma risk and regular versus non-regular aspirin use (P ϭ .54), regular versus non-regular non-aspirin NSAID use (P ϭ .22), or regular versus non-regular acetaminophen use (P ϭ .97), comparing the odds ratio for case patients who were diagnosed within 7.2 months of interview with that for case patients diagnosed longer before interview.
We performed a series of analyses to evaluate whether there was any evidence of selection bias in our method of control subject selection. Among the Massachusetts residents initially selected as potential control subjects, those who lived in census tracts with higher median household income were more likely to participate than those from lower income areas (for higher versus lower income, comparing consenting with nonconsenting initially identified control subjects, OR ϭ 1.26, 95% CI ϭ 1.03 to 1.54), adjusting for age and sex. However, non-enrolled individuals were replaced with control subjects from the same residential area so that participants were eventually enrolled from all originally selected census tracts. Although a higher number of consecutive refusals within a residential area was associated with both lower income and higher poverty, the income distribution of the final Massachusetts control population was representative of that of the source population (for higher versus lower income, comparing finally consenting with all initially identified control subjects, OR ϭ 1.03, 95% CI ϭ 0.91 to 1.18) . A sensitivity analysis of the potential effects of selection bias revealed that differences in socioeconomic status between the control subjects and the source population would have resulted in a Ϫ14%, ϩ7%, and ϩ12% bias of the odds ratios for regular versus non-regular use of aspirin, regular versus non-regular use of other NSAIDs, and regular versus non-regular use of acetaminophen, respectively, if there was no selection bias among the case patients and no other sources of bias or confounding (67) .
We compared the distribution of several demographic characteristics within our Connecticut control group to the current distribution across the state of Connecticut (58) . Study control subjects were generally more likely to have attended college than high school only (OR ϭ 1.35, 95% CI ϭ 1.07 to 1.70) and were more likely to live in single-family rather than multifamily housing units (OR ϭ 1.40, 95% CI ϭ 1.10 to 1.80); however, educational level, number of people in childhood home, and other socioeconomic status indicators were not confounders of the association between analgesic use and Hodgkin's lymphoma risk and thus would not have affected our results.
DISCUSSION
In this population-based case-control study, regular aspirin use was associated with a 40% reduced risk of Hodgkin's lymphoma, compared with non-regular aspirin use. This association was consistent across subgroups of age, sex, race, religion, smoking history, and analgesic use. Unlike aspirin, use of other NSAIDs such as ibuprofen was not statistically significantly associated with Hodgkin's lymphoma risk. Regular acetaminophen use, compared with non-regular use, however, was associated with a consistently higher risk of Hodgkin's lymphoma.
A dose-response analysis showed that the associations of both aspirin and acetaminophen use with the risk of Hodgkin's lymphoma were stronger with regular use than with occasional use. That is, there was a statistically significant trend for decreasing Hodgkin's lymphoma risk with increasing frequency of aspirin use and a trend in the opposite direction for acetaminophen use. The association with Hodgkin's lymphoma risk did not vary among regular, occasional, and never use of non-aspirin NSAIDs. The statistically significant reduced risk associated with regular versus non-regular use of aspirin, but not other NSAIDs, may indicate that properties exclusive to aspirin are responsible for its relationship with Hodgkin's lymphoma. Extensive laboratory studies have demonstrated that aspirin effectively inhibits NF-B activation at physiologic concentrations measured in the serum of patients treated with aspirin for chronic inflammatory diseases. In contrast, neither acetaminophen (a poor cyclooxygenase inhibitor and a poor NSAID) nor indomethacin (an active cyclooxygenase inhibitor and an effective NSAID) has a substantial effect on NF-B activity (70 -72) . Aspirin is unique among common NSAIDs because it forms an irreversible covalent bond with cyclooxygenase, whereas other NSAIDs bind reversibly to the protein (73) . The extent of enzymatic inhibition also differs among NSAIDs (74 -76) .
We detected some modification of the association between analgesic use and Hodgkin's lymphoma risk by several factors. The variation in the association of analgesic use and the risk of Hodgkin's lymphoma by socioeconomic factors, including income and maternal educational level, could be the result of selection bias by socioeconomic status, misclassification, or chance. However, there could also be a real biologic interaction between the effects of socioeconomic environment and analgesic use on the immune system because poverty is associated with declining nutritional status and host immune competency (77, 78) . This variation is in accord with the findings that the inverse association of aspirin use and the positive association of acetaminophen use with risk of Hodgkin's lymphoma were apparently less pronounced in lower socioeconomic status strata. However, neither association was modified by subject educational level. The heterogeneity of the odds ratio for regular versus non-regular acetaminophen use by state of residence and religion is difficult to explain but may result from differences in environment and lifestyle or from chance or misclassification. The lack of similar interactions with use of aspirin and other NSAIDs makes chance a more likely explanation.
Our results should be interpreted with caution for the following reasons. In the study interview, questions to evaluate analgesic use were limited and addressed use only over the last 5 years. Therefore, the effect of duration of analgesic use could not be assessed. Most subjects reported that they did not use any analgesics regularly, leading to a limited range of medication use and insufficient power for detailed dose-response analyses. In addition, indications for medication use were not recorded, so it is possible that for some case patients the reported use of aspirin, other NSAIDs, or acetaminophen was for analgesic and/or antipyrrhetic purposes during treatment for Hodgkin's lymphoma. However, this problem would have biased the odds ratio above 1.0, because protopathic bias-that is, medication use for the purpose of alleviating disease-and treatment-related symptoms-would have produced a positive association between case patient status and analgesic use (79) . The possibility of protopathic bias is also countered by the fact that the associations between Hodgkin's lymphoma risk and regular analgesic use did not vary according to the presence of B symptoms among case patients or by the period between diagnosis and interview. The association between aspirin and Hodgkin's lymphoma risk was the same among regular and non-regular users of acetaminophen or other NSAIDs, suggesting that case patients with Hodgkin's lymphoma did not use these other analgesics in place of aspirin.
The finding of a statistically significantly elevated odds ratio between Hodgkin's lymphoma risk and the regular versus nonregular use of acetaminophen does raise some concerns, however. It is consistent with the possibility that case patients reported increased analgesic use after the onset of diseaserelated symptoms. It is, however, also possible that a true association exists between acetaminophen use and Hodgkin's lymphoma. Several, but not all, epidemiologic studies (80 -85) have reported an increased risk of renal and bladder cancer after regular acetaminophen use. Positive associations with acetaminophen use appear to be limited to genitourinary tract cancers, and an inverse association with ovarian cancer may exist (86, 87) . The increased risk of Hodgkin's lymphoma associated with regular acetaminophen use observed in this study is, therefore, more likely explained by uncontrolled confounding by other factors than by a true association. The uncontrolled confounding may or may not have affected the observed associations between Hodgkin's lymphoma risk and the use of aspirin or other NSAIDs.
Another possible source of bias in our data is selection bias, because individuals who participate as control subjects are often of higher educational level and socioeconomic status than those who do not participate. Indeed, an analysis of U.S. Census data revealed that persons from higher income census tracts were more likely than persons from lower income census tracts to participate in our study. Our study protocol specified that all non-enrolled persons were replaced with control subjects selected from the same residential area. However, although our final control population appeared to be representative of the source population in terms of socioeconomic status, selection bias within census tracts may still have existed, as well as selection bias by other socioeconomic status determinants and unmeasurable factors, such as health consciousness. The incom-plete response level among case patients may also have contributed to selection bias. Still, our sensitivity analysis using censusbased income data (data not presented) suggested that selection bias did not explain the observed associations between Hodgkin's lymphoma risk and analgesic use.
Our findings require confirmation in other study populations, ideally with prospective data to ensure that medication use precedes diagnosis, as well as with more detailed data on dose and duration of analgesic use. Validation of our findings will require either many years of follow-up in prospective cohorts to identify enough case patients with Hodgkin's lymphoma for adequate statistical power or analyses in other case-control studies of Hodgkin's lymphoma that have data on analgesic use.
Despite these caveats, the finding that regular aspirin use is associated with a decreased risk of Hodgkin's lymphoma is intriguing. Given the extensive inflammation and immune dysregulation accompanying Hodgkin's lymphoma, an attractive hypothesis is that anti-inflammatory drugs guard against the onset of disease. This hypothesis is supported by the fact that aspirin specifically inactivates NF-B, which is required for the survival of malignant Hodgkin's lymphoma cells, and also triggers myriad signaling cascades in the immune system. Our finding that aspirin use is associated with a reduced risk of both EBV-positive and EBV-negative Hodgkin's lymphoma is in accord with the observation that NF-B is constitutively active in Hodgkin's lymphoma regardless of tumor EBV status. If aspirin use is indeed found to protect against Hodgkin's lymphoma, this relationship could afford insight into the pathogenesis of the disease and offer possible clues toward its prevention.
